Introduction
Polycyclic aromatic hydrocarbons (PAHs, also polyaromatic hydrocarbons) are organic compounds composed of two or more fused aromatic rings with delocalized electrons. PAHs are often found naturally in combustion residues but, analytically pure and discrete PAHs are obtained only through synthesis The extended -electronic structures of PAHs lead to these spectra, certain large PAHs also exhibit semiconducting and other behaviors 3, 4 . Thanks to their optoelectronic and photovoltaic properties, PAHs belong to a class of functional organic compounds with increasing importance in organic electronics applications as organic field effect transistors (OFETs) 5, 6 and in photovoltaic devices as organic solar cell 7 . Hexaazatriphenylene (HAT) is a disc like heterocycle electron acceptor, thanks to its C 3 symmetry and six nitrogen atoms that exhibit excellent coordination ability to transition metal ions, HAT has been widely used as a ligand in coordination chemistry 8 . Moreover, Hexaazatriphenylene (HAT) derivatives have recently attracted attention as candidates materials for organic electronic and photovoltaic applications because of their easy synthetic accessibility 9, 10 , diversity in peripheral functionality, electron deficiency, n-type semiconductor and of their rigidity due to their high aromaticity 11 . The introduction of electron donor groups in HAT system (as D-A-D structure) offers valuable advantages to electrontransporting materials improving their optoelectronic and photovoltaic properties.
In this work, a theoretical study of four non-centrosymmetric molecules (with the structure donor-acceptor-donor (D-A-D)) based on hexaazatriphenylene (HAT) derivatives prepared by Rafael Juarez et al. Computational methodology DFT method with Becke's three-parameter functional and Lee-Yang-Parr functional (B3LYP) 13 was used to study these compounds. The 6-31G(d) basis set was used for all calculations 14 . The geometric structures of all molecular systems were calculated using the Gaussian09 program 15 . We have also examined the HOMO, LUMO levels and the gap energy (Egap is calculated as the difference between the HOMO and LUMO energies) for the stable structures. The vertical excitation energies, oscillator strengths and the optical transitions (in the UV-Vis-NIR region) were calculated using ZINDO method starting with the fully optimized geometries obtained at B3LYP/6-31G(d) levels 16 .
Results and discussion

Structure and geometric properties
The optimized structures of our studied molecules are depicted in Figure. 2 and were obtained by B3LYP function combined with 6-31G (d) basis set using Gaussian 09 program. It was found in other works that the DFT-optimized geometries were in excellent agreement with the data obtained from X ray analyses 17 . The results of the optimized structures for all studied compounds show that they have similar conformations (quasi planar conformation) (see Figure. 2). 
M1
Optoelectronic properties
To study the electronic properties of these conjugated materials, it is very important to examine their HOMO and LUMO levels because the relative ordering of occupied and virtual orbitals provides a reasonable qualitative indication of excitation properties 18 , and the ability of electron hole transport. As shown in Fig.3 , the HOMOs possess generally a -anti-bonding character between the consecutive subunits and are localized mainly on the donor moiety. The LUMOs of all oligomers instead, are localized mainly on the HAT system and show a -bonding character between the subunits. This distribution of HOMO and LUMO is expected to favor the charge transfer along the molecular chain. In comparison with M1, we notice a destabilization of the HOMO and stabilization of LUMO levels of M2, M3 and M4. We can remark also a slight difference in the HOMO and LUMO energies of the studied compounds (see Table 1 and Fig. 4) .
HOMO
On the other hand, as shown in Table 1 , the gap energy decreases going from M1 to M4 in the following order M1 (3.30 eV) > M2 (2.44 eV) > M3 (2.02 eV) > M4 (1.78 eV). This is due to the presence of the electron-donating groups (hexyloxybenzene in M2, dibutylaminobenzene in M3 and tetrathiafulvalene in M4) and to the conjugation lengths in these molecules (increase of -delocalization). We can see that the M4 has the lowest energy gap (1.78 eV); this can be attributed to the strongest donor character of the tetrathiafulvalene moiety.
Interestingly, for our compounds, the obtained gap values (ranging from 1.78 to 3.30 eV) are sufficient to consider their applications in optoelectronic devices. Comparing calculated and experimental gap values (see Table 1 ), we noted an agreement between calculated and experimental results. Therefore, the DFT theoretical calculations give a good description of the electronic properties of the studied compound and can be employed to predict these properties for other organic materials. 
Photovoltaic performances
To study the photovoltaic properties of these compounds, the HOMO and LUMO energy levels are very important parameters to determine whether the effective charge transfer will happen between donor (the studied molecules) and acceptor [6.6]-phenyl-C61-butyric acid methyl ester (PCBM) (substituted C 60 ). Moreover, to evaluate the possibilities of electron transfer from the excited studied molecules to the conduction band of the acceptor PCBM, the HOMO and LUMO levels were compared. As plotted in Fig. 4 , we noted that the LUMO levels of the studied compounds are higher than that of PCBM (E LUMO = -3.7 eV 19 ), this suggests that the photoexcited electron transfer from the studied molecules to PCBM can be sufficiently efficient to be used in photovoltaic devices as active layer in Bulk heterojunction layer (BHJ) for organic solar cell. As summarized in Table 2 , the calculated values range from 0.91 eV to 1.49 eV these values are sufficient to ensure an efficient electron injection. This suggests our molecules as good candidates for organic solar cells.
Absorption properties
Starting with optimized geometry obtained at B3LYP/6-31G(d); the ZINDO method has been used for all molecules Mi to obtain the energy of the singlet-singlet electronic transitions and to calculate the ultraviolet-visible (UV-Vis) spectra (λabs) and the oscillator strength (O.S) of the studied compounds. The values of these parameters and the corresponding simulated UV-Vis absorption spectra of Mi, presented as oscillator strength against wavelength are shown in table 5 and Fig.5 respectively. We note that All electronic transitions are of -* type involving both subunits of the molecules, and that the higher oscillator strengths (O.S) originate from S 0 S 2 electronic transition for M1, M2 and M3 but, for M4 it originates from S 0 S 1 transition. In addition, the excitation to the S2 state (and to S2 for M1) corresponds to the promotion of an electron from the HOMO to LUMO. Another considered point is that the position 
Conclusion
We show in this study a theoretical analysis using DFT and ZINDOs of the structural geometries, electronic and optical properties of four noncentrosymmetric hexaazatriphenylene derivatives compounds synthesized by Rafael Juarez et al..
The optimized structures for all the studied compounds indicate that all have quasi planar conformation. The corresponding band gap energies range from 3.30 eV to 1.78 eV and increases in the following order M4< M3< M2<M1.
Moreover, the LUMO energy of these compounds is higher than that of the PCBM and the calculated values of Voc range from 0.91 to 1.49 eV, providing sufficient thermodynamic driving for electron injection from the excited molecules to the acceptor (PCBM).
Finally, the procedures of these theoretical calculations can be employed to predict the electronic properties of further novel materials used for photovoltaic applications such as organic solar cells.
